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Introduction

This program report provides required information for projects funded with the 2010 base grant and
mandatory non-federal matching funds. Some overlap in data may occur with our 2009 report because data
collection is based on a July-June fiscal year rather than the March-February USGS Grant Award period.

The New Mexico Water Resources Research Institute (NMWRRI) was established in 1963 by the New
Mexico State University Board of Regents, becoming one of the first of the 54 state institutes approved
nationwide under the authorization of the 1964 Water Resources Research Act. It is considered to be the
statewide nucleus for coordinating water resources research. Using the expertise of researchers in a variety of
disciplines at state-supported universities, the institute is able to respond to the critical water needs of New
Mexico and the region. It operates under the general advice of a Program Development and Review Board,
whose membership includes faculty representatives as well as state and federal agency personnel.

The mission of the NMWRRI is to develop and disseminate knowledge that will assist the state, region, and
nation in solving water resources problems. The institute encourages university faculty statewide to pursue
critical areas of water resources research while providing training opportunities for students who will become
our future water resources scientists, technicians, and managers. It provides an outlet for transferring research
findings and other related information to keep water managers and the general public informed about new
technology and research advances. The institute also maintains a unique infrastructure that links it with many
federal, state, regional, and local entities to provide expertise and specialized assistance.

The institute maintains a dynamic program to transfer technical information from the producer to the user and
the public. Technical publications, newsletters, conferences, press announcements, and presentations keep
practitioners aware of new technology and research advances. The NMWRRI homepage (wrri.nmsu.edu)
provides online information about the institute, newsletters, technical report series, requests for proposals,
upcoming conferences and symposia, links to related entities, and the research reference library.

New Mexico is one of the driest states in the nation, averaging no more than 20 inches of precipitation a year,
varying from about 6.5 inches in the Four Corners area to more than 30 inches in the high mountains. The
relative humidity is low, resulting in a high rate of evaporation. Summer rain accounts for almost half of the
annual precipitation other than in the high mountains. Widely varied precipitation contributes as much to a
water allocation problem as water scarcity itself. To compound the situation, New Mexico, like much of the
West, continues to suffer from drought. Water conservation measures continue to expand in municipalities
throughout New Mexico to help ensure adequate public water supplies for residential and industrial use.
Drought ordinances are in place in cities across the state, and county and municipal governments are working
together to limit water use and reduce demand. The Drought Task Force, established in 2002 by New
Mexico's governor, continues to monitor the situation.

During the past year, a strong La Niña event delivered dry conditions to New Mexico and 61 percent of the
state is currently classified with extreme and exceptional drought. Dry conditions of this magnitude are
rare-exceptional droughts and occur once in every 50 years. Drought impacts are many including farmers in
the Elephant Butte Irrigation District receiving only three inches of water per acre this year, (whereas they
receive typically receive 36 inches) requiring more groundwater pumping at a high cost.

Water problems in New Mexico, like in other western states, continue to revolve around three key issues:
quality, quantity, and management. Because water resources are so limited, water quality and water resources
management have taken on increasing importance. These concerns are interrelated and sufficiently complex
so that the highest quality research is essential to solving them.
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Research Program Introduction

The primary objective of the New Mexico Water Resources Research Institute is to maintain a balanced
program of research that addresses water issues and problems critical to New Mexico, the region, and the
nation. In administering this program, the institute relies on financial support from state appropriations,
federal and state agencies, and the USGS Water Resources Research Institute Annual Base Program (USGS
104B).

To make the best use of limited resources, the institute has targeted four areas as high priority for funding:
water conservation, planning and management; atmospheric, surface and groundwater relationships; water
quality; and utilization of saline and other impaired waters. During the reporting period, two projects received
funding from the 2010 Annual Base Program. These projects fit into the water conservation, planning and
management category: "WRRI Information Transfer Program" and "Geographic Information System for
Water Resources Planning." In addition, three projects received special funding through the USGS,
"Transboundary Aquifer Assessment Program" (PL 109-448), "Monitoring and Forecasting Climate, Water
and Land Use for Food Production in Afghanistan," and "Monitoring and Forecasting Climate, Water, and
Land Use for Food Production and Business Development in Iraq."

During the reporting period, the NMWRRI administered a total of 10 projects dealing primarily with water
planning and management issues. The total value of these projects was over $1.8 million, including required
cost sharing. Awards were made by the USGS, New Mexico Department of Agriculture, and from the
institute's annual state appropriations. Dollar amounts per project award ranged from a small student research
grant of $4,953 to an international program effort of over $868,000. During the reporting period, nine projects
were conducted at New Mexico State University and one at New Mexico Highlands University. NMWRRI
staff managed six projects.

Research projects administered by the NMWRRI utilized at least 12 students during the year including
undergraduates, masters, and Ph.D. candidates in the disciplines of agricultural economics, civil engineering,
geography, mathematics, and natural resource management.

Projects administered by the NM Water Resources Research Institute during the reporting period are listed
below. Note that total award value is shown and includes both agency and cost sharing when appropriate, and
can include multiyear funding.

Effects of Copper Sulfate Treatment on Benthic Macroinvertebrates in Peterson Reservoir Sediments. WRRI
Student Research Grant 09 (Daryl Williams, New Mexico Highlands University) $4,953

Maintenance and Updates of the PdNWC Website and Web Mapping Application. Texas A&M U, $5,588

New Mexico Pesticide Management Plan 2009-2010. Memorandum of Agreement with the New Mexico
Department of Agriculture $24,000

Lower Rio Grande Water Rights Value Project. NMSU and state funding, $30,000

Information Transfer Program (Catherine Ortega Klett) 104B $50,727

Geographical Information System for Water Resources Planning (Karl Wood) 104B $24,864

Water Information Websites Phase II. SCERP $66,523

Research Program Introduction
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Transboundary Assessment Act Mesilla Basin Workplan. USGS $100,044

Monitoring and Forecasting Climate, Water and Land Use for Food Production in Afghanistan. USGS
$698,640 (yr 3)

Monitoring and Forecasting Climate, Water, and Land Use for Food Production and Business Development in
Iraq USGS $868,069 (yr 1)

Research Program Introduction
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Award No. 08HQAG0146 Monitoring and Forecasting
Climate, Water and Land Use for Food Production in
Afghanistan

Basic Information

Title: Award No. 08HQAG0146 Monitoring and Forecasting Climate, Water and Land Use
for Food Production in Afghanistan

Project Number: 2008NM114S
Start Date: 9/22/2008
End Date: 9/21/2013

Funding Source: Supplemental
Congressional

District: 2

Research Category: Climate and Hydrologic Processes
Focus Category: None, None, None

Descriptors: Afghanistan, crop growth, agriculture, economics
Principal

Investigators: M. Karl Wood, Frank Ward

Publications

Gregory Torell, 2010, Economic analysis for improved water management, food security, and rural
livelihoods in Afghanistan's Balkh Basin, M.S. Thesis, NMSU Department of Agricultural Economics
and Agricultural Business.

1. 

Gregory Torell, Balkh River Canal System, Afghanistan Decision Support (excel spreadsheet), posted
on the web at http://agecon.nmsu.edu/fward/water/

2. 

Torell, G. and F.A. Ward, 2010, Improved Water Institutions for Food Security and Rural Livelihoods
in Afghanistan's Balkh River Basin, International Journal of Water Resources Development,
26,4,613-637.

3. 
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Description of problem and research objectives 
 
This is the third year of a cooperative agreement with NMSU and USGS in support of the development of 
reducing food poverty through development of improved irrigation institutions in Afghanistan. Activities 
have focused on the application and development of techniques for monitoring the physical variables 
governing crop growth, such as timing and level of precipitation, evapotranspiration and temperature, 
along with human-related factors such as cropped area, agricultural inputs, and economic indicators.   
 
These data have been integrated into an analysis of policy options for improving farm income, rural food 
security, and improved livelihoods. Recent work has developed and applied a framework to inform 
farmers, extension personnel, mirabs, and ministry personnel on uses of land and water resources in the 
Balkh River Basin to improve farm income and reduce food poverty. 
 
A journal article is currently under review at the journal, Agricultural Water Management summarizing 
connections between irrigation institutions and food poverty in Afghanistan.  The research examined the 
development of irrigation institutions that could contribute to reducing food poverty by improved water 
allocation among canals. 
 
Description of methodology 
 
Funding under Agromet has supported the following activities:  
 
Installation of 113 weather observation sites: 1) all 113 observation sites are recording daily rain and 
snow; 2) 80 of 113 sites are reporting in addition to rain and snow on crops (wheat, rice, barley and 
maize) and pasture and grazing twice a month (fortnightly forms) including crop condition (all the 
weather adverse factors, shortage of inputs, weed, pests and diseases infestations) and crop phonological 
stages (including land preparation) in addition to areas planted (% of the total by agricultural zone), 
planting and harvesting dates in addition to the expected yields during the agricultural year and final 
obtained yields after the harvesting; and 3) of 113 sites, 21 sites are complete agrometeorological stations 
(three observations daily), with 19 classical stations recording 7 weather parameters and 5 automatic 
stations that can report on up to 20 weather parameters at daily step.  
 
Using weather, hydrologic, agronomic, and economic data, several arrangements for allocating water 
through an existing network of irrigation canals were analyzed for their impacts on land and water use, 
farm profitability, and food security at both the canal and basin levels.   
 
Description of principal findings and significance 
 
Findings show that total water supply and institutional arrangements for allocating water during periods 
of shortages have important influences on farm income and food security. The methods used and results 
found provide a framework for informing decisions on the sustainable use of land and water for improved 
food security and rural livelihoods in the world’s irrigated areas. 



Award No. 08HQAG0117 Transboundary Aquifer
Assessment Program

Basic Information

Title: Award No. 08HQAG0117 Transboundary Aquifer Assessment
Program

Project Number: 2008NM115S
Start Date: 4/1/2008
End Date: 5/31/2011

Funding Source: Supplemental
Congressional District: 2

Research Category: Ground-water Flow and Transport
Focus Category: Groundwater, None, None

Descriptors: aquifer assessment, Mesilla Basin, Hueco Bolson, GIS, database,
Principal Investigators: M. Karl Wood

Publications

Hawley, John W. and Alfredo Granados-Olivas, 2008, Progress Report on Development of an
Annotated Bibliography for Transboundary Aquifer Systems of the Mesilla Basin-Paso del Norte
Area, New Mexico, Texas (USA), and Chihuahua (MEX), poster presented at the 2008 New Mexico
Water Research Symposium, Socorro, NM, August 2008, Symposium Program and Abstracts.

1. 

Hawley, J.W., B.J. Creel, and B.V.N.P. Kambhammettu, 2009, Digital hydrogeologic-framework
model of the San Francisco River basin, west-central New Mexico and east-central Arizona [abstract],
Geological Society of America. Abstracts with Programs, 41(7) Session 58-T21 on CD ROM. ISSN
0016-7592.

2. 

Hawley, J.W., J.F. Kennedy, A. Granados-Olivas, and M.A. Ortiz, 2009, Hydrogeologic framework
of the binational western Hueco Bolson-Paso del Norte area, Texas, New Mexico, and Chihuahua.
NM Water Resources Research Institute, NM State University, Technical Completion Report 349. 45
p., with 2 plates on CD ROM. ftp://wrri.nmsu.edu/pub/hueco

3. 

Monger, H.C., L.H., Gile, J.W. Hawley, and R.B. Grossman, 2009, The Desert Project: an analysis of
aridland soil-geomorphic processes New Mexico State University Agricultural Experiment Station
Bulletin 798. 76 p., http://aces.nmsu.edu/pubs/research/weather-climate/

4. 

Creel, B.J., 2010, Research Needs in the U.S. Portion of the Rio Grande Watershed, E.M. Ward and
E.A. Barrantes (eds), Journal of Transboundary Water Resources, 01:31-42.

5. 

Schmid, W., J.P. King, and T. Maddock III, 2010, Conjunctive Surface-Water/Groundwater Model in
the Southern Rincon Valley Using Modflow-2005 with the Farm Process, NM Water Resources
Research Institute, New Mexico State University, Technical Completion Report No. 351, 65 pp.

6. 

Servicio Geologico Mexicano, Coordinacion General de Mineria, and International Boundary and
Water Commission, 2011, Hydrogeological Activities in the Conejos-Medanos/Mesilla Basin
Aquifer, Chihuaha, Phase 1. Prepared for the Transboundary Aquifer Assessment Act Project under
contract with the New Mexico Water Resources Research Institute and Texas Water Research
Institute. Two volumes.

7. 

Kambhammettu, B.V.N.P., J.P. King and A. Praveena, 2011, Evaluation of mountain-front recharge
estimation techniques for Southern New Mexico basins. International Journal of Water Resources and
Environmental Engineering. 3(3):66-72.

8. 

Award No. 08HQAG0117 Transboundary Aquifer Assessment Program
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Description of problem and research objectives 
Rapid population growth in the United States-Mexico border region over the last decade has placed major 
strains on limited water supplies in the region. Rapid growth rates are expected to continue for at least 
several more decades. Water quantity and quality issues are likely to be the determining and limiting 
factors affecting future economic development, population growth, and human health in the border 
region. Increasing use of groundwater resources in the border region by municipal and other water users 
has raised serious questions concerning the long-term availability of the water supply.  
 
Cooperation between the United States and Mexico in assessing and understanding transboundary 
aquifers is necessary for the successful management of shared groundwater resources by state and local 
authorities in the United States and appropriate authorities in Mexico, including management that avoids 
conflict between the United States and Mexico. While there have been some studies of binational 
groundwater resources along the United States-Mexico border, additional data and analyses are needed to 
develop an accurate understanding of the long-term availability of useable water supplies from 
transboundary aquifers. 
 
The objectives of the Transboundary Aquifer Assessment Program is to collect and evaluate new and 
existing data to develop high-quality, comprehensive groundwater quantity and quality information and 
groundwater flow models for the Mesilla Basin aquifer in New Mexico, Texas, and Mexico. 
 
Description of methodology 
A review of all previously developed groundwater flow models was conducted last year. This year field 
studies were used to develop any additional data that are needed to define aquifer characteristics to the 
extent necessary to enable the development of groundwater flow models. Additional evaluations of all 
available data and publications relevant to the aquifer and produce a binational bibliography were 
conducted. The project utilized the geographic information system database that was created last year to 
better characterize the spatial and temporal aspects of the aquifer, with emphasis on a digital model of the 
hydrogeologic framework. The project also continued to expand existing agreements, as appropriate, 
between the authorities in the United States and Mexico to (1) conduct joint scientific investigations; (2) 
archive and share relevant data; and (3) carry out any other activities consistent with the program. A basin 
steering committee of local stakeholders was established to provide review and feedback on tasks and 
products. 
 
Description of principal findings and significance 
A bibliography of previous studies that was compiled in 2008 has been updated and reviewed by the 
USGS, New Mexico, and Texas team. This is an ongoing process as more literature is found and new 
literature is written. The basin-scale hydrogeologic framework model that was produced in 2005, 
including cross sections and model layer maps, was reviewed and updated with recent information and a 
new compilation of well-control data. Expansion of this model into Mexico has been proposed and is 
pending finalization of the binational agreement for conducting joint investigations and basic-data 
sharing. Mesilla Basin groundwater flow models developed in the last 20 years have been reviewed and 
evaluated for their possible future use and modification. This evaluation still needs collaborative input 
from the Mexican authorities before selection of the most appropriate flow model(s) for expansion into 
Mexico.  
 
The regional hydrology model of the area released by the New Mexico State Engineer in 2007 has been 
updated through 2009. The new Farm Module feature of MODFLOW has been added to the model and 
runs are being done to compare the new version with the OSE version.  
 
The basic binational-agreement documents related to conduct of joint investigations and data sharing 
were signed in August 2009; and specific final arrangements for agreement implementation are planned 
for completion in March-April 2010.   
 



USGS Award No. G10AC00516 Monitoring and Forecasting
Climate, Water, and Land Use for Food Production and
Business Development in Iraq

Basic Information

Title: USGS Award No. G10AC00516 Monitoring and Forecasting Climate, Water, and Land
Use for Food Production and Business Development in Iraq

Project Number: 2010NM123S
Start Date: 9/1/2010
End Date: 8/31/2015

Funding Source: Supplemental
Congressional

District: 2

Research
Category: Climate and Hydrologic Processes

Focus Category: Drought, Water Use, Management and Planning
Descriptors: Forecasting, Climate, Water Use, Land Use, Agriculture, Drought

Principal
Investigators: M. Karl Wood, Frank Ward

Publications

There are no publications.
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Description of problem and research objectives 
 
This program supports the Iraq Water, Agriculture, geospatial data infrastructure and Technology 
Transfer Program. Streamflows in the Tigris-Euphrates Rivers in Iraq have declined in recent years, and 
an important policy debate centers in the most economically viable measures for making more 
economical and business use of those reduced flows in Iraq. The objective of this project is to explore the 
development of innovative irrigation institutions for allocating water and water rights among water users 
in Iraq in order to secure more economically productive uses of water in the Tigris-Euphrates basins. 
 
Overall Agromet project objectives are: 
• Install Agro-meteorological stations throughout the country 
• Set up an operational agro meteorological database and information system functioning efficiently, 

including all the relevant data (historical and recent) 
• Carry out agro climatic analyses for major agro meteorological parameters. 
• Provide timely, accurate, and reliable data for decision makers, government agencies, international 

forces, and national and international NGOs.   
• Assist the Iraq Government in their efforts to collect and analyze meteorological and agricultural data 

as it relates to crop production, irrigation, water supply, energy, dust storms, and aviation.   
• Create a transition plan for future implementation by Iraq government officials. 
• Play a key role in the institutional capacity building and training of Iraqis in the field of agro- and 

hydro-meteorology. 
 
Description of methodology 
 
A.  Collecting agro-meteorological data for water and crop monitoring and forecasting 
B. Collecting meteorological data for dust storm forecasting 
C. Development of crop monitoring and production estimating tools 
D. Temperature and photoperiod inputs to yield estimation 
E. Development of hydroeconomic policy analytic tools 
F. Improved rainfall forecasts 
G. Improved understanding of relations between snowpack and streamflow 
H. Teach short courses in Iraq on the development and use of hydroeconomic spreadsheet models to 

support policy analysis of irrigation water management in Iraq. 
 
Description of principal findings and significance 
 
A simple spreadsheet model is being planned for development for analyzing irrigation policy choices in 
cooperation with Iraqi counterparts in the Iraq ministry of water resources. A short course to apply the 
spreadsheet decision model has been scheduled to be presented in the early summer to selected 
stakeholders in Erbeal, Iraq. Watershed policy models are currently under development for the Amu 
Darya basin for which it is hoped that methods can be transferred to address policy debates on the Tigris-
Euphrates in Iraq.   



Information Transfer Program Introduction

The New Mexico Water Resources Research Institute maintains an active program to transfer technical
information from the producer to the user and the public. Technical publications, newsletters, conferences,
symposia, press announcements, and presentations keep practitioners aware of new technology and research
advances. The WRRI homepage (wrri.nmsu.edu) provides online information about the institute's newsletters,
technical report series, requests for proposals, upcoming conferences and symposia, and the research reference
library. All 55 past annual water conference proceedings have full-text viewing via the institute's homepage.
Other federal and state servers, such as the U.S. Environmental Protection Agency, U.S. Army Corps of
Engineers, USGS, and National Weather Service are linked to the WRRI homepage.

Information Transfer Program Introduction
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Geographic Information System for Water Resources
Research Planning

Basic Information

Title: Geographic Information System for Water Resources Research Planning
Project Number: 2002NM1B

Start Date: 3/1/2010
End Date: 2/28/2011

Funding Source: 104B
Congressional District: Second

Research Category: Not Applicable
Focus Category: Management and Planning, Conservation, Water Quality

Descriptors:
Principal Investigators: M. Karl Wood

Publications

Hawley, J.W. and J.F. Kennedy, 2004, Creation of a Digital Hydrogeologic Framework Model of the
Mesilla Basin and Southern Jornada del Muerto Basin. New Mexico, Water Resources Research
Institute, Technical Completion Report No. 332, New Mexico State University, Las Cruces, New
Mexico. 105 p., with 7 plates and appendix on CD ROM.

1. 

Van Schoik, R., C. Brown, E. Lelea, and A. Conner, 2004, Barriers and Bridges: Managing Water in
the U.S.-Mexican Border Region, Environment, 46:1.

2. 

Connell, S.D., J.W. Hawley, and D.W. Love, 2005, Late Cenozoic drainage development in the
southeastern Basin and Range of New Mexico, southeasternmost Arizona, and western Texas, in S.G.
Lucas, G. Morgan, K.E. Zeigler, eds., 2005, New Mexico�s Ice Ages: New Mexico Museum of
Natural History & Science Bulletin No. 28, p. 125-150.

3. 

Hawley, J.W., 2005, Five million years of landscape evolution in New Mexico: An overview based on
two centuries of geomorphic conceptual-model development, in S.G. Lucas, G. Morgan, and K.E.
Zeigler, K.E. eds, 2005, New Mexico�s Ice Ages: New Mexico Museum of Natural History &
Science Bulletin No. 28, p. 9-93.

4. 

Pazzaglia, F.J. and J.W. Hawley, 2004, Neogene (rift flank) and Quaternary geology and
geomorphology, in G.H. Mack, G.H., and K.J. Giles, eds., The Geology of New Mexico: A geologic
history: New Mexico Geological Society, Special Publication 11, p. 407-438.

5. 

Seager, W.R., F.E. Kottlowski, and J.W. Hawley, 2004, Geology of Robledo Mountains and vicinity,
Doña Ana County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic
Map 75, CD-ROM only.

6. 

Brown, C., Z. Sheng, and M. Bourdon, 2005, Final Project Report for the Paso del Norte Watershed
Council (PdNWC) Coordinated Water Resources Database, Phase II. Technical completion report
produced on behalf of the PDNWC for the El Paso Water Utilities.

7. 

Kennedy, J.F., 2004, Application of GIS and Remote Sensing Methods to the Paleohydrogeography
of the Paso del Norte Region, �Ph.D. Dissertation,� Department of Geological Studies, University of
Texas at El Paso, El Paso, TX, variously paged.

8. 

Hawley, J.W. and J.F. Kennedy. 2004 (2005), Creation of a Digital Hydrogeologic Framework Model
of the Mesilla Basin and Southern Jornada del Muerto Basin. New Mexico Water Resources Research
Institute; prepared for Lower Rio Grande Water Users Organization; Technical Completion Report
332, 105 p., with plates and appendix on CD ROM (including June 2005 Addendum extending model

9. 

Geographic Information System for Water Resources Research Planning
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into Rincon Valley and adjacent areas).
King, J.P., J.W. Hawley, J.W. Hernandez, J.F. Kennedy and E.L. Martinez. 2006. Study of Potential
Water Salvage on the Tucumcari Project Arch Hurley Conservancy District: Phase I. A
pre-appraisal-level study of the potential amount of saved-water and the costs of alternative methods
of reducing carriage losses from district canals. New Mexico Water Resources Research Institute,
Technical Completion Report No. 335, with plates and appendices on CD ROM.

10. 

Hawley, J.W., J.F. Kennedy, and M. Ortiz. 2005. Digital hydrogeologic-framework model of the
western Hueco Bolson area, Texas and Chihuahua. New Mexico Water Resources Research Institute,
New Mexico State University. Project Completion Report, prepared for California State
University-Los Angeles (CSULA Purchase Order CGA46120/NMSU Acct # 20050644), 45 p., 2
plates.

11. 

Creel, B.J., J.W. Hawley, J.F. Kennedy, and A. Granados-Olivas. 2006. Groundwater resources of the
New Mexico-Texas-Chihuahua border region. New Mexico Journal of Science. 46:11-29.

12. 

Granados-Olivas, A., C. Brown, J. Greenlee, B. Creel, J.W. Hawley, J.F. Kennedy, O. Dena-Ornelas,
and B. Hurd. 2006. Geographic information systems at the Paso del Norte region: The academic
accomplishments and challenges for a transboundary water resources GIS cooperation. New Mexico
Journal of Science. 46:45-56.

13. 

Kennedy, J.F., R.P. Langford, and J.W. Hawley. 2006. Using GIS and Remote Sensing to Reconstruct
Late Quaternary and Early Holocene Paleo-Hydrography Using Climate Data and Modern
Topography: An example from the Southwestern US. Computers and Geosciences. In press.

14. 

Kennedy, J.F., R.P. Langford, and J.W. Hawley. 2006. Estimating a Water-Balance Equation for a
Playa in the Tularosa Basin of Southern New Mexico. Computers and Geosciences. In press.

15. 

King, J.P., J.W. Hawley, J.W. Hernandez, J.F. Kennedy, and E.L. Martinez. 2006. Study of Potential
Water Salvage on the Tucumcari Project, Arch Hurley Conservancy District: Phase I. A
pre-appraisal-level study of the potential amount of water that may be saved, and the costs of
alternative methods of reducing carriage losses from district canals. New Mexico Water Resources
Research Institute Technical Completion Report 335, with plates and appendices on CD ROM, New
Mexico State University, Las Cruces, New Mexico.

16. 

Ortiz, Marquita. 2007. The Impacts of Land Use Change on Water Resources and Traditional Acequia
Culture in Northcentral New Mexico. Master�s thesis, Department of Geography, New Mexico State
University, Las Cruces, NM.

17. 

Alfredo Granados-Olivas, Erick Sanchez-Flores, Antonio De la Mora-Covarrubias, Servio Tulio De la
Cruz, Gerardo Reyes-Macías, Francisco Llera-Pacheco, Javier Chavez, Bobby Creel, and Christopher
Brown, 2008, Roadmap of Geospatial Education in Mexico, ASPRS 2008 Annual Conference
Portland, Oregon, April 28-May 2, 2008.

18. 

Glaze, Susanna, Bobby J. Creel, Casey Gomez and Royce Stevens, 2008, Rio Grande Basin Initiative
� Interactive Mapping for New Mexico, In Proceedings of the 2008 AWRA Spring Specialty
Conference, San Mateo, CA, March 17-19, 2008.

19. 

Zhuping Sheng, Christopher Brown, Bobby Creel, Raghavan Srinivasan, Ari Michelsen, and Michael
P. Fahy, 2008, Installation of River and Drain Instrumentation Stations to Monitor Flow and Water
Quality and Internet Data Sharing, New Mexico Water Resources Research Institute Technical
Completion Report 344 and Texas Water Resources Institute Technical Report 320, August 2008, 38
p.

20. 

Hawley, J.W. and Kernodle, J.M., 2008, Early contributions to arid-zone hydrogeology in the eastern
Basin and Range region�Historical Note: Ground Water, 46(3), 510-516.

21. 

Eastoe C.J., Hibbs, B.J., Granados-Olivas, A., Hogan, J.F., Hawley, J., and Hutchison, W.R., 2008,
Isotopes in the Hueco Bolson Aquifer, Texas (USA) and Chihuahua (Mexico): Local and general
implications for recharge sources in alluvial basins, Hydrogeology Jour., 16(4), 737-747.

22. 

Sandor, J.A., Hawley, J. W., Schiowitz, R.H., and Gersper, P.L., 2008, Soil-geomorphic setting and
change in prehistoric agricultural terraces in the Mimbres area, New Mexico, New Mexico Geological
Society Guidebook 59, 167-175.

23. 
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Hawley, J.W., and Granados-Olivas, A., 2008, Progress report on development of an annotated
bibliography for transboundary aquifer systems of Mesilla Basin-Paso del Norte area, New Mexico,
Texas, and Chihuahua: 2008 New Mexico Water Research Symposium (N.M. Tech-8/12/2008), N.M.
Water Resources Research Institute, NMSU, Symposium Program and Abstracts, p. E-14.

24. 

Hawley, J.W., and Kennedy, J.F., 2008, Digital hydrogeologic models of basin-fill aquifer systems in
the southwestern New Mexico border region�A powerful tool for binational water-resources
management: American Institute of Professional Geologists 45th Annual Meeting�AIPG-AHS-3rd
IPGC Symposium, Flagstaff, AZ, Program-Poster Abstract, p. 48.

25. 

Monger, H. C., Gile, L.H., Hawley, J.W., and Grossman, R.B., 2008, The Desert Project�An analysis
of arid land soil-geomorphic processes, in Topical Session T17. Integration of soils and
geomorphology in deserts: A tribute to the 50 years of soils research of Dan Yaalon: Geological
Society of America/Soil Science Society of America-Joint Meeting, GSA Abstract with Programs,
40(6).

26. 

Creel, B.J., J.W. Hawley, J.F. Kennedy, and A. Granados-Olivas. 2006. Groundwater resources of the
New Mexico-Texas-Chihuahua border region. New Mexico Journal of Science. 46:11-29.

27. 

Granados-Olivas, A., C. Brown, J. Greenlee, B. Creel, J.W. Hawley, J.F. Kennedy, O. Dena-Ornelas,
and B. Hurd. 2006. Geographic information systems at the Paso del Norte region: The academic
accomplishments and challenges for a transboundary water resources GIS cooperation. New Mexico
Journal of Science. 46:45-56.

28. 

Kennedy, J.F., R.P. Langford, and J.W. Hawley. 2006. Using GIS and Remote Sensing to Reconstruct
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Problem and Research Objectives 
 
The New Mexico Water Resources Research Institute has become the focal point for 
geographic information system (GIS) data and information concerning water resources in 
New Mexico. It combines database management with digital mapping into spatial-tabular 
data models. These models are powerful tools for representing and manipulating earth-
science information.  
 
As use of geographic information systems has grown and presented new opportunities, it 
also has raised a number of new issues and problems. Of increasing concern is the 
management of a growing collection of spatial data sets and applications programs. These 
data sets and programs are very expensive to produce but relatively easy to share, so there 
is a great incentive to avoid duplicating production efforts. The trend clearly is toward 
managing these elements in distributed spatial libraries. 
 
The primary objective of the project is to increase availability and accessibility of water 
resource information to support water resource planning and management in the state. 
The first task provides spatial data library accessibility. This task maintains arrangements 
and establishes those necessary to provide access to spatial data maintained by other 
agencies and organizations. The second task, spatial data development, evaluates needs, 
establishes priorities, and undertakes development of spatial data that is otherwise 
unavailable. These efforts will be coordinated with cooperating agencies and 
organizations to ensure no duplication of effort and to establish guidelines for coverages 
and priorities. The principal investigators maintain, update as necessary, and make the 
data available to cooperating agencies and organizations through both formal and 
informal arrangements to facilitate water resource planning activities. 
 
Methodology 
 
A number of cooperative data sharing agreements have been entered into with state, 
federal, and local agencies and organizations to facilitate access and to develop spatial 
data. Others will be pursued as necessary. Research funded by the NMWRRI in many 
cases results in the development of data that can be represented in a spatial form and thus 
can contribute to the state data pool. Projects that have such a potential are adjusted as 
necessary to meet this secondary purpose. 
 
The NMWRRI maintains a GIS laboratory consisting of computer workstations; data 
storage devices; input/output devices; software for mapping and analysis (ARC/Info); 
database development and visualization; and network systems. The laboratory is 
connected via fiber to the New Mexico State University computer network and thereby to 
the Internet. The NMWRRI also maintains an Internet web server site through which both 
spatial and tabular water resource data can be provided. 
 
 
 
 



Principal Findings 
 
Various research activities are supported by the system for water resources planning in 
the state. The New Mexico Interstate Stream Commission provides grants to regional 
groups to support water resources planning. NMWRRI continues to be utilized by the 
NM Interstate Stream Commission to provide GIS mapping products for use in their 
plans and in public outreach. NMWRRI has helped many regional groups with GIS 
mapping products for use in their plans and in public outreach efforts. 
 
Additionally, support has been given to the New Mexico/Texas Water Commission and 
various public entities of southern New Mexico for their planning activities. GIS 
mapping support is also provided to the Lower Rio Grande Water Users Organization. 
 
This sophisticated mapping and geo-spatial database management system, originally 
designed to support WRRI-funded research activities, is now being used for external 
research grants (e.g., Creation of a Digital Hydrogeologic Framework Model of the 
Mesilla Basin and Southern Jornada del Muerto Basin; creation of maps for the purpose 
of water planning funded by the New Mexico Interstate Stream Commission; and 
pesticide management planning in the state funded by the New Mexico Department of 
Agriculture) by water resources management and planning agencies in the state. A 
research grant resulted in the creation of a regional geographic information system to 
support water planning in the Paso del Norte borderland area of the southwestern United 
States.  
 
During the reporting period, projects funded through the GIS lab were sponsored by the 
New Mexico Department of Agriculture, the USGS, the Southwest Consortium for 
Environmental Research & Policy, and the National Park Service.  
 
This is an ongoing project with new data continually being added to the database and 
assistance being given to produce specific GIS products upon request. Continued funding 
is anticipated from annual state appropriations as well as pending agency awards. 
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Statement of Critical Water Problem 
 
The New Mexico Water Resources Research Institute’s Information Transfer Program is 
designed to bring the results of its research projects to the public and to educate New Mexicans 
on the critical water issues of the state, region, and nation. Different sectors of the public are 
targeted for each of its activities.  
 
Statement of Results and Benefits 
 
The program goal is to provide people with water information appropriate to their level of 
training and interest. Information transfer activities are funded primarily from non-federal 
sources. Responsibilities for different segments of the program have been assigned to various 
professional and support staff at the institute. 
 
Nature, Scope, and Objectives 
 
The primary methods for information transfer are conferences, publications, audio/visual 
presentations, and available information on the institute’s website. For the past 55 years, the 
NMWRRI has sponsored the Annual New Mexico Water Conference focusing on a topic of 
importance to the New Mexico water community, usually policy oriented. The annual conference 
is held in different locations around the state in the fall. Most of the conference participants are 
water resources practitioners working for state, federal, or local agencies, although some 
members of the general public and of academia also attend. Average attendance ranges between 
150 and 200 people, depending on the location and topic of the conference. A couple years ago, 
the New Mexico State Engineer called the WRRI annual conference the premier water meeting 
in the state. The WRRI began hosting a technical research symposium in 2002 and the annual 
event has become the focal meeting for researchers from around the state and region to share 
their water-related research and demonstration projects. Many students attend the symposium 
and present posters and oral presentations.  
 
Publications include technical completion reports resulting from NMWRRI-sponsored projects, 
special in-house publications, and conference proceedings. The institute has published more than 
385 technical and miscellaneous reports. The peer reviewed technical completion reports are 
directed toward water professionals working in disciplines related to the research projects. All 
technical reports are now available via the NMWRRI website in full text. Those interested in a 
particular report are able to print off the Internet instead of ordering a hard copy of the report. 
WRRI water conference proceedings for the past 55 years are also available online in full text. 
 
A quarterly newsletter, The Divining Rod, focuses on research and current water issues. It is 
emailed to approximately 1,600 readers and hard copies are sent to about 200 readers. The 
newsletter is available on the WRRI homepage. 
 
A reference room, housed at the institute, contains over 11,000 documents and is used frequently 
by faculty, students, and others. A complete catalog of holdings can be searched through the 
NMWRRI homepage on the Internet, along with an extensive water resources and information 
system database.  



  

 
WRRI’s homepage (http://wrri.nmsu.edu) provides online information about the institute’s 
newsletters, technical report series, requests for proposals, upcoming programs, and the research 
reference library. All WRRI reports are available for viewing online via the institute’s website. 
The website, created in 1995, is updated on a regular basis and continues to be a focal point of 
information on New Mexico’s water resources with many links to other related sites such as the 
U.S. Environmental Protection Agency, U.S. Army Corps of Engineers, USGS, and National 
Weather Service. In recent years, the WRRI website received an average of over 6,000 inquiries 
per month. 
 
WRRI has developed a state-of-the-art geographic information system on water resources in 
New Mexico and has become the focal point for GIS data and information concerning water 
resources in the state. It combines database management with digital mapping into spatial-tabular 
data models. These models are powerful tools for representing and manipulating earth-science 
information. The primary objective of the system is to increase availability and accessibility of 
water resource information to support water resource planning and management in the state. 
Efforts are coordinated with cooperating agencies and organizations to ensure no duplication of 
effort and to establish guidelines for coverages and priorities. The staff maintains, updates as 
necessary, and makes the data available to cooperating agencies and organizations through both 
formal and informal arrangements to facilitate water resource planning activities. 
 
The institute director is invited frequently to speak at local, regional, and national conferences 
and workshops in addition to serving on a number of committees that focus on water resources.  
 
Accomplishments 
 
The 55th Annual New Mexico Water Conference was held in Las Cruces at New Mexico State 
University. The conference theme was, “Water Needs in the Next Decade: How Will Institutions 
Evolve to Meet Our Water Needs in the Next Decade?” and was attended by about 150 
participants. A full proceedings of the conference is in production and will be available on the 
WRRI website. All conference participants will receive a copy on CD. 
 
The NMWRRI coordinated the 2010 New Mexico Water Research Symposium on the campus of 
New Mexico Tech, in Socorro. The one-day symposium was co-sponsored by Sandia National 
Laboratories, Los Alamos National Laboratory, New Mexico’s three state universities, the Office 
of the State Engineer, New Mexico Interstate Stream Commission, and the AWRA-New Mexico 
section. Forty oral presentations were given and 32 posters displayed. This year, a special 
presentation on resource interdependence was made by Howard Passell of Sandia National 
Laboratories. Over 120 participants including 45 students from throughout New Mexico, Arizona, 
and west Texas attended. Twenty-four students gave oral presentations and 18 students presented 
posters. 
 
The WRRI co-sponsored the Spring and Fall 2010 New Mexico State University Water Lecture 
Series, a monthly seminar with attendance averaging about 100. 
 
The institute’s publications for the period included five technical reports: "Simulation of 



  

Groundwater Flow in the Southern Jornada Del Muerto Basin, Dona Ana County, New Mexico," 
"Digital Hydrogeologic-Framework Model of the San Francisco River Basin, West-Central New 
Mexico and East-Central Arizona," "Sustainable Recovery of Potable Water from Saline Waters," 
"Analysis of Water Rights Prices in New Mexico's Lower Rio Grande Basin," and "Estimating 
Water Use Through Satellite Remote Sensing." Two miscellaneous reports were also published, 
"Hydrologic and Vegetal Responses to Prescribed Burning and Herbicidal Treatment of Broom 
Snakeweed on Blue Grama Rangeland in New Mexico" and "Recovery of Habitat for Gila Trout 
and Livestock Grazing Following Wildfire in Main Diamond Creek in the Black Range of 
Southwestern New Mexico." The 55th Annual New Mexico Water Conference proceedings is 
being produced in hardcopy and on CD. NMWRRI technical completion reports are available at 
no charge while supplies last. A copy charge is assessed if the report is out of print or has been 
reprinted.  
 
The institute’s website averages over 45,000 webpage hits each month. It averages over 400 
online requests for publications from its technical and miscellaneous report series and about an 
average of 100 hits per month of its proceedings series each month. Because of the ability to 
view and print all institute publications online, the WRRI is averaging only a few requests for 
hard copies of specific publications each month via postal mail or visits to the institute. Requests 
online have more than quadrupled in the past three years. 
 
The institute’s quarterly newsletter, The Divining Rod, is an eight- to sixteen-page newsletter that 
focuses on research projects administered by the NMWRRI and on current water issues in New 
Mexico. It provides information on upcoming conferences, seminars, and workshops; describes 
new grants and newly released publications; and provides general information on new 
developments in water resources research and management. Each issue is available on the 
NMWRRI’s homepage. Hard copies of the newsletter are distributed to approximately 200 
readers and about 1,600 readers receive it via email with a pdf of the newsletter attached. To 
become more cost-effective and to save resources, the institute recently moved to distributing the 
newsletter primarily via email. During the reporting period, the institute published three 12-page 
issues of The Divining Rod. The newsletter received an average of 150 hits per month online 
during the reporting period. Online usage of the WRRI’s reference room averages over 350 
requests per month.  
 
The institute’s director participates in local, state, and national conferences and workshops and 
speaks before many groups. The institute’s director is an active member of the National Institutes 
for Water Resources and the Universities Council on Water Resources and will help in the 
planning of their 2012 national meeting. The NMWRRI staff also regularly provides expertise 
for solving specific problems and general concerns. They play a central role in planning for the 
water future of the region by cooperating with a host of water resources entities throughout the 
state and region, particularly in the Paso del Norte area. 
 
The Information Transfer Program is an ongoing program with no particular timelines. 
 



USGS Summer Intern Program

None.

USGS Summer Intern Program 1



Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 1 0 0 5 6
Masters 1 0 0 4 5

Ph.D. 0 0 0 1 1
Post-Doc. 0 0 0 0 0

Total 2 0 0 10 12

1



Notable Awards and Achievements

New Mexico State University Chemical Engineering Professor, Shuguang Deng, was the recipient of a $2.346
million grant funded by the Air Force to study better ways to grow algae to be refined into algal biofuel. Dr.
Deng received a two-year WRRI seed grant to study solar desalination of brackish water using membrane
distillation processes. He also supervised several WRRI student research grants.

Dr. Nimala Khandan, professor of civil engineering at New Mexico State University was named the first
holder of the Ed and Harold Foreman Endowed Chair in Civil Engineering at NMSU. A WRRI seed grant
recipient, WRRI published his technical completion report in September 2010 entitled, Sustainable Recovery
of Potable Water from Saline Waters." Dr. Khandan has supervised several WRRI student grant recipients.

John Hawley, long-time consulting associate with the New Mexico WRRI, reviewed the article,
"Transboundary Groundwater Policy: Developing Approaches in the Western and Southwestern United
States" by Deborah L. Hathaway. The article appeared in the Journal of the American Water Resources
Association in February 2011. The article cited several articles published by the NM WRRI or written by
WRRI staff including John Hawley, Bobby J. Creel, and John F. Kennedy.

New Mexico State University College of Agricultural, Consumer, and Environmental Sciences Deans Award
for Research Excellence, 2010, was awarded to Gregory Torell, a master's degree student working on the
supplemental award entitled "Monitoring and Forecasting Climate, Water and Land Use for Food Production
in Afghanistan." Principal investigator, Professor Frank Ward, will teach a related course in Valencia, Spain
in May-June 2010 entitled, "Water Policy Analysis through Hydroeconomic Models."
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Publications from Prior Years

2006NM41B ("Mitigation of Membane Biofouling by Harnessing Bacterial Cannibalism (Huang)") -
Articles in Refereed Scientific Journals - Evdokimov, N.M. and S.V. Slambrouck, P. Heffeter, L. Tu,
B. Le Calv, D. Lamoral-Theys, C.J. Hooten, P.Y. Uglinskii, S. Rogeli, R. Kiss, W.F.A. Steelant, W.
Berger, J.J. Yang, C.G. Bologa, A. Kornienko, I.V. Magedov, 2011, Structural Simplification of
Bioactive Natural Products with Multicomponent Synthesis 3 Fused Uracil-Containing Heterocycles
as Novel Topoisomerase-Targeting Agents, Journal Medical Chemistry, 54(7)2012�2021.

1. 

2006NM41B ("Mitigation of Membane Biofouling by Harnessing Bacterial Cannibalism (Huang)") -
Articles in Refereed Scientific Journals - Frolova, L.V. and N.M. Evdokimov, k. Hayden, I. Malik, S.
Rogeli, A. Kornienko, I.V. Magedov, 2011, One-Pot Multicomponent Synthesis of Diversely
Substituted 2-Aminopyrroles: a Short General Synthesis of Rigidins A, B, C, and D, Organic Letters,
American 13(5)1118�1121.

2. 

2000NM7G ("Institutional Adjustments for Coping with Prolonged and Severe Drought in the Rio
Grande Basin") - Articles in Refereed Scientific Journals - De Mouche, L., S. Landfair, and F.A.
Ward, 2011, Water Right Prices in the Rio Grande: Analysis and Policy Implications, International
Journal of Water Resources Development (0790-0627), 27(2)291-314

3. 

2000NM7G ("Institutional Adjustments for Coping with Prolonged and Severe Drought in the Rio
Grande Basin") - Articles in Refereed Scientific Journals - Torell, G.L., F.A. Ward, and G.L. Torell,
2010, Improved Water Institutions for Food Security and Rural Livelihoods in Afghanistan's Balkh
River Basin, International Journal of Water Resources Development, (0790-0627), 26(4)613-637.

4. 

2000NM7G ("Institutional Adjustments for Coping with Prolonged and Severe Drought in the Rio
Grande Basin") - Articles in Refereed Scientific Journals - Gohar, A.A., and F.A. Ward, 2010, Gains
from expanded irrigation water trading in Egypt: An integrated basin approach, 2010, Ecological
Economics, (0921-8009)69(12)2535-2548.

5. 

2000NM7G ("Institutional Adjustments for Coping with Prolonged and Severe Drought in the Rio
Grande Basin") - Articles in Refereed Scientific Journals - Ward, F.A., 2010, Financing Irrigation
Water Management and Infrastructure: A Review, International Journal of Water Resources
Development, (0790-0627)26(3)321-349.

6. 

1999NM102B ("Detection of Groundwater through Ultra-Sensitive Magnetic Measurements with
Ultra-short Pulse Lasers") - Articles in Refereed Scientific Journals - Kolesik, M., D. Mirell, J.C.
Diels, J.V. Moloney,and M. Kolesik, 2010, On the higher-order Kerr effect in femtosecond filaments,
Optics Letters, (0146-9592), 35(21)3685-3687.

7. 

1999NM102B ("Detection of Groundwater through Ultra-Sensitive Magnetic Measurements with
Ultra-short Pulse Lasers") - Articles in Refereed Scientific Journals - Schmitt-Sody, A. and K.
Masuda, A. Velten, J.C. Diels, A. Schmitt-Sody, 2010, Intracavity mode locked laser magnetometer,
Optics Communications, (0030-4018), 283(17)3339-3341.

8. 

1999NM102B ("Detection of Groundwater through Ultra-Sensitive Magnetic Measurements with
Ultra-short Pulse Lasers") - Articles in Refereed Scientific Journals - Braga, A., J.C. Diels, R. Jain, R.
Kay, L. Wang, and A. Braga, 2010, Bidirectional mode-locked fiber ring laser using self-regenerative,
passively controlled, threshold gating, Optics Letters, (0146-9592), 35(15)55-55.

9. 

1999NM102B ("Detection of Groundwater through Ultra-Sensitive Magnetic Measurements with
Ultra-short Pulse Lasers") - Articles in Refereed Scientific Journals - Langhans, C., G. Govers, J.C.
Diels, A. Leys, W. Clymans, A.V.D Putte, J. Valckx, 2011, Experimental rainfall-runoff data:
Reconsidering the concept of infiltration capacity, Journal of Hydrology, (0022-1694),
399(3/4)255-262.

10. 

1999NM102B ("Detection of Groundwater through Ultra-Sensitive Magnetic Measurements with
Ultra-short Pulse Lasers") - Articles in Refereed Scientific Journals - Kubecek, V., O. Grepl, M.
Cech, J.C. Diels, and L. Arissian, 2011, Beat note characterization from diode pumped passively
mode - Locked bidirectional ring Nd:YVO4 laser, Proceedings of SPIE - The International Society for

11. 
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Optical Engineering, (0277-786X), 7994.
2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Binder, M., K. Krause, J. Chermak, J. Thacher, and J. Gilroy, 2010, Same Work, Different Pay?
Evidence from a US Public University, Feminist Economics, (1354-5701), 16(4)105-135.

12. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Stowe, C.J., K. Krause, and J.M. Chermak, Unlisted, 2010, Preferences for Privacy and Security: An
Experimental Investigation, Economics of Peace and Security Journal, (1749-852X), p.34-42.

13. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Breffle, W.S., E.R. Morey, and J.A. Thacher, 2011, A Joint Latent-Class Model: Combining
Likert-Scale Preference Statements with Choice Data to Harvest Preference Heterogeneity,
Environmental and Resource Economics, (0924-6460), p.1-28.

14. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Weber, M.A., V.C. Tidwell, and J.A. Thacher, 2010, Dynamic physical and economic modelling of
riparian restoration options, Environmental Modelling & Software, (1364-8152), 25(12)1825-1836.

15. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Lazo, J.K., D.M. Waldman, B.H. Morrow, and J.A. Thacher, 2010, Household Evacuation Decision
Making and the Benefits of Improved Hurricane Forecasting: Developing a Framework for
Assessment, Weather & Forecasting, (0882-8156), 25(1)207-219.

16. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Brand, A.L., J.C. Stromberg, D.C. Goodrich, M.D. Dixon, K. Lansey, D. Kang, D.S. Brookshire, and
D.J. Cerasale, 2011, Projecting avian response to linked changes in groundwater and riparian
floodplain vegetation along a dryland river: A scenario analysis, Ecohydrology, (1936-0584),
4(1)130-142.

17. 

2006NM60G ("Impacts of Land Use Change on Water Resources, Water Quality, and Acequia
Culture in Northern New Mexico/Southern Colorado") - Articles in Refereed Scientific Journals -
Broadbent, C.D., D.S. Brookshire, D. Coursey, and V. Tidwell, 2010, Water Leasing: Evaluating
Temporary Water Rights Transfers in New Mexico Through Experimental Methods, Natural
Resources Journal, (0028-0739), 49:3-4,707-741.

18. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Nikolopoulos,
E.I., E.N. Anagnostou, M. Borga, E.R. Vivoni, and A. Papadopoulos, 2011, Sensitivity of a mountain
basin flash flood to initial wetness condition and rainfall variability, Journal of Hydrology
(0022-1694), 402(3/4)165-178.

19. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Forzieri, G., F.
Castelli, and E.R. Vivoni, 2011, Vegetation dynamics within the North American monsoon region,
Journal of Climate (0894-8755), 24(6)1763-1783.

20. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Forzieri, G., G.
Moser, E.R. Vivoni, F. Castelli, and F. Canovaro, 2010, Riparian Vegetation Mapping for Hydraulic
Roughness Estimation Using Very High Resolution Remote Sensing Data Fusion, Journal of
Hydraulic Engineering (0733-9429), 136(11)855-867.

21. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Mascaro, G., E.R.
Vivoni, and R. Deidda, 2010, Downscaling soil moisture in the southern Great Plains through a

22. 
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calibrated multifractal model for land surface modeling applications, Water Resources Research
(0043-1397), 46(08).
2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Liuzzo, L., L.V.
Noto, E.R. Vivoni, and G. La Loggia, 2010, Basin-scale water resources assessment in Oklahoma
under synthetic climate change scenarios using a fully distributed hydrologic model, Journal of
Hydrologic Engineering (1084-0699), 15(2)107-122.

23. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Mascaro, G., E.R.
Vivoni, R. Deidda, and G. Mascaro, 2010, Physical controls on the scale-dependence of ensemble
stream flow forecast dispersion, Natural Hazards & Earth System Sciences (1561-8633),
10(7)1605-1615.

24. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Gochis, D.J., E.R.
Vivoni, and C.J. Watts, 2010, The impact of soil depth on land surface energy and water fluxes in the
North American Monsoon region, Journal of Arid Environments (0140-1963), 74(5)564-571.

25. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Vivoni, E.R., C.J.
Watts, J.C. Rodriguez, J. Garatuza-Payan, L.A. Mendez-Barroso, and J.A. Saiz-Hernandez, 2010,
Improved land-atmosphere relations through distributed footprint sampling in a subtropical scrubland
during the North American monsoon, Journal of Arid Environments (0140-1963), 74(5)579-584.

26. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Vivoni, E.R., C.J.
Watts, and D.J. Gochis, 2010, Land surface ecohydrology of the North American monsoon system,
Journal of Arid Environments (0140-1963), 74(5)529-530.

27. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Mendez-Barroso,
L.A. and E.R. Vivoni, 2010, Observed shifts in land surface conditions during the North American
Monsoon, Journal of Arid Environments (0140-1963), 74(5)549-555.

28. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Mascaro, G. and
E.R. Vivoni, 2010, Statistical and scaling properties of remotely-sensed soil moisture in two
contrasting domains in the North American monsoon region, Journal of Arid Environments
(0140-1963), 74(5)572-578.

29. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Yetemen, O., E.
Istanbulluoglu, and E.R. Vivoni, 2010, The implications of geology, soils, and vegetation on
landscape morphology: Inferences from semi-arid basins with complex vegetation patterns in Central
New Mexico/ USA, Geomorphology (0169-555X), 116(3/4)246-263.

30. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Forzieri, G., F.
Castelli, and E.R. Vivoni, 2010, A Predictive Multidimensional Model for Vegetation Anomalies
Derived From Remote-Sensing Observations, IEEE Transactions on Geoscience & Remote Sensing
(0196-2892), 48(4)1729-1741.

31. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Mascaro, G., E.R.
Vivoni, and R. Deidda, 2010, Implications of Ensemble Quantitative Precipitation Forecast Errors on
Distributed Streamflow Forecasting, Journal of Hydrometeorology (1525-755X), 11(1)69-86.

32. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Vivoni, E.R., J.C.
Rodriguez, and C.J. Watts, 2010, On the spatiotemporal variability of soil moisture and

33. 
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evapotranspiration in a mountainous basin within the North American monsoon region, Water
Resources Research (0043-1397), 46(20).
2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Conference Proceedings - Mascaro, G., E. Vivoni, and R.
Deidda, 2010, Calibration of a Model for Satellite Soil Moisture Downscaling in Different Climatic
Regions, European Geosciences Union General Assembly 2010 (EGU 2010), Austria Center Vienna
(ACV), Vienna, 2-7 May 2010.

34. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Conference Proceedings - Nikolopoulos, E., E.
Anagnostou, M. Borga, E. Vivoni, and A. Papadopoulos, 2010, Sensitivity of a Mountain Basin Flash
Flood to Initial Soil Moisture and Rainfall Variability, European Geosciences Union General
Assembly 2010 (EGU 2010), Austria Center Vienna (ACV), Vienna, 2-7 May 2010.

35. 

2006NM44B ("Development of Geospatial Modeling Tools for Watershed-based Water Resources
Management in New Mexico (Vivoni)") - Articles in Refereed Scientific Journals - Arrowsmith, J.R.,
E. Vivoni, and P. Tarolli, Special Issue: Understanding earth surface processes from remotely sensed
digital terrain models, Geomorphology (0169-555X), 113(1/2).

36. 

2006NM38B ("A Physically-based Parsimonious Approach for Spatial Disaggregation and Recovery
of NEXRAD Precipitation Data in Mountainous Terrains (Wilson)") - Articles in Refereed Scientific
Journals - Njaya, F., K.A. Snyder, D. Jamu, J. Wilson, C. Howard-Williams, E.H. Allison, and N.L.
Andrew, 2011, The natural history and fisheries ecology of Lake Chilwa southern Malawi, Journal of
Great Lakes Research, (0380-1330), 37,5-25.

37. 

2006NM38B ("A Physically-based Parsimonious Approach for Spatial Disaggregation and Recovery
of NEXRAD Precipitation Data in Mountainous Terrains (Wilson)") - Articles in Refereed Scientific
Journals - Wilson, J., J. Holden, I. Johnstone, A. Armstrong, M. Morris, and L. Wilson, 2010, Ditch
blocking, water chemistry and organic carbon flux: evidence that blanket bog restoration reduces
erosion and fluvial carbon loss, Science of the Total Environment, (0048-9697), 409(11)2010.

38. 

2006NM38B ("A Physically-based Parsimonious Approach for Spatial Disaggregation and Recovery
of NEXRAD Precipitation Data in Mountainous Terrains (Wilson)") - Articles in Refereed Scientific
Journals - Wilson, J., J. Holden, I. Johnstone, A. Armstrong, M. Morris, and L. Wilson, 2010,
Recovery of water tables in Welsh blanket bog after drain blocking discharge rates time scales and the
influence of local conditions, Journal of Hydrology, (0022-1694), 391(3-4)377-386.

39. 

2006NM38B ("A Physically-based Parsimonious Approach for Spatial Disaggregation and Recovery
of NEXRAD Precipitation Data in Mountainous Terrains (Wilson)") - Articles in Refereed Scientific
Journals - Guan, H., J. Simunek, B.D. Newman, and J.L. Wilson, 2010, Modeling investigation of
water partitioning at a semiarid ponderosa pine hillslope, Hydrological Processes, (0885-6087),
24(9)1095-1105.

40. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Pockman, W.T. and E.E. Small, 2010, The Influence of Spatial Patterns of Soil Moisture on
the Grass and Shrub Responses to a Summer Rainstorm in a Chihuahuan Desert Ecotone, Ecosystems
(1432-9840), 13(4)511-525.

41. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Gutmann, E.D. and E.E. Small, 2010, A method for the determination of the hydraulic
properties of soil from MODIS surface temperature for use in land-surface models, Water Resources
Research (0043-1397), 46(6).

42. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Small, E.E., K.M. Larson, and J.J. Braun, 2010, Sensing vegetation growth with reflected
GPS signals, Geophysical Research Letters (0094-8276), 37(12).

43. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Larson, K.M., J.J. Braun, E.E. Small, V.U. Zavorotny, E.D. Gutmann, and A.L. Bilich,
2010, GPS multipath and its relation to near-surface soil moisture content, IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing, 3(1)91-99.

44. 
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2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Zavorotny, V.U., K.M. Larson, J.J. Braun, E.E. Small, E.D. Gutmann, and A.L. Bilich,
2010, A physical model for GPS multipath caused by land reflections: Toward bare soil moisture
retrievals, IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing,
3(1)100-110.

45. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Small, E.E. and W.T. Pockman, 2010, The influence of spatial patterns of soil moisture on
the grass and shrub responses to a summer rainstorm in a Chihuahuan desert ecotone, Ecosystems
(1432-9840), 13,511.

46. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Articles in Refereed Scientific
Journals - Small, E.E. and E.D. Gutmann, 2010, A method for the determination of the hydraulic
properties of soil from MODIS surface temperature for use in land-surface models, Water Resources
Research (0043-1397), 46,W06520.

47. 

2000NM10B ("Soil Moisture-Rainfall Feedbacks in New Mexico") - Conference Proceedings -
Braun, J., K. Larson, E. Small, V. Zavorotny, and E. Gutmann, 2010, Use of GPS Receivers as a Soil
Moisture Network for Water Cycle Studies, 90th Annual Meeting of the American Meteorological
Society, Atlanta, Georgia, 17-21 Jan 2010.

48. 

2008NM89B ("Utilization of Saline and Other Impaired Waters for Turfgrass Irrigation (Leinauer)") -
Articles in Refereed Scientific Journals - Sevostianova, E., B. Leinauer, and I. Sevostianov, 2010,
Quantitative characterization of the microstructure of a porous material in the context of tortuosity,
International Journal of Engineering Science (0020-7225), 48(12)1693-1701.

49. 

2008NM89B ("Utilization of Saline and Other Impaired Waters for Turfgrass Irrigation (Leinauer)") -
Articles in Refereed Scientific Journals - Rimi, F., S. Macolino, B. Leinauer, L.M. Lauriault, and U.
Ziliotto, 2010, Alfalfa yield and morphology of three fall-dormancy categories harvested at two
phenological stages in a subtropical climate, Agronomy Journal (0002-1962), 102(6)1578-1585.

50. 

2008NM89B ("Utilization of Saline and Other Impaired Waters for Turfgrass Irrigation (Leinauer)") -
Articles in Refereed Scientific Journals - Sevostianova, E., M. Serena, M. Schiavon, S. Macolino, and
B. Leinauer, Conservation of irrigation water for urban lawn areas, Acta Horticulturae (0567-7572)
(9789066056435), (881)487.

51. 

2008NM89B ("Utilization of Saline and Other Impaired Waters for Turfgrass Irrigation (Leinauer)") -
Articles in Refereed Scientific Journals - Serena, M., B. Leinauer, U. Ziliotto, and S. Macolino,
Preliminary findings on the correlation between water-soluble carbohydrate content in stolons and
first year green-up of seeded bermudagrass cultivars, HortTechnology (1063-0198), 20, 758.

52. 

2008NM89B ("Utilization of Saline and Other Impaired Waters for Turfgrass Irrigation (Leinauer)") -
Articles in Refereed Scientific Journals - Serena, M., D. Singh, and B. Leinauer, Seed coating and
seeding rate effects on turfgrass germination and establishment, HortTechnology (1063-0198), 20,
179.

53. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Rivera R., I. Nancy, T.E. Gill, M.P. Bleiweiss, and J.L. Hand, 2010,
Source characteristics of hazardous Chihuahuan Desert dust outbreaks, Atmospheric Environment
(1352-2310), 44(20)2457-2468.

54. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Conference
Proceedings - Steele, C., A. Rango, D. Hall, and M. Bleiweiss, 2010, Sensitivity of the Snowmelt
Runoff Model to underestimates of remotely sensed snow covered area, International Geoscience and
Remote Sensing Symposium (IGARSS), 2382-2385.

55. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - El-Sadek, A., M. Bleiweiss, M. Shukla, S. Guldan, and A. Fernald,
2011, Alternative climate data sources for distributed hydrological modelling on a daily time step,
Hydrological Processes (0885-6087), 25(10)1542-1557.

56. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Bawazir, S., R. Skaggs, J. Longworth, A. Pinon, V. Tran, and Z.

57. 
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Samani, 2011, A simple irrigation scheduling approach for pecans, Agricultural Water Management
(0378-3774), 98,661.
2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Samani, Z., G. Hargreaves, V. Tran, and S. Bawazir, 2011, Estimating
Solar Radiation from Temperature with Spatial and Temporal Calibration, Journal of Irrigation and
Drainage Engineering, 1,180.

58. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Bawazir, A.S., J.P. King, and S. Abudu, Infilling missing daily
evapotranspiration data using neural networks, Journal of Irrigation and Drainage Engineering
(0733-9437), 136, 317.

59. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Bawazir, A.S., E. Sokoowska, M. Woowicz, and A. Sokoowski,
Seasonal variation in the reproductive activity, physiological condition and biochemical components
of the brown mussel Perna perna from the coastal waters of Yemen (Gulf of Aden), Aquatic Living
Resources (0990-7440), 23, 177.

60. 

2008NM90B ("Estimating Water Use through Satellite Remote Sensing (Bleiweiss)") - Articles in
Refereed Scientific Journals - Samani, Z., G. Hargreaves, V. Tran, and S. Bawazir, 2011, Estimating
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